Objective: To investigate whether myocardial fibrosis assessed non-invasively is related to left ventricular (LV) longitudinal systolic function in patients with essential hypertension. Design: The study consisted of 30 control subjects and 40 patients with hypertension with normal LV ejection fraction. Tissue Doppler echocardiography was performed to assess LV longitudinal systolic strain from the apical views. Mean strain was calculated from the basal and mid segments. Plasma concentrations of the amino-terminal propeptide of type III procollagen (PIIINP) were measured. Results: In the hypertension group, mean strain was significantly reduced (mean (SD) 13 (6)% v 21 (6)%, p , 0.01) and plasma PIIINP were increased compared with controls (3.0 (0.7) mg/l v 2.1 (0.3) mg/l, p , 0.001). A significant correlation was found between mean strain and PIIINP (r = 20.56, p , 0.001). In patients with abnormal diastolic filling (n = 21) mean strain was reduced compared with patients with normal LV filling (n = 19) (10 (6)% v 15 (6)%, p , 0.01) and the serological marker PIIINP was increased (3.5 (0.6) mg/l v 2.5 (0.5) mg/l, p , 0.001).
H ypertension has been found to be associated with congestive heart failure in patients with normal left ventricular (LV) ejection fraction. [1] [2] [3] The presence of congestive heart failure in these patients has been attributed to isolated diastolic LV dysfunction caused by changes in myocardial relaxation and stiffness. As shown experimentally and clinically the accumulation of fibrillar collagens is exaggerated in the myocardium of the LV. This has been shown to lead to increased stiffness and abnormal cardiac function in patients with hypertension. [4] [5] [6] In addition, perivascular accumulation of collagen fibres may impair the vasodilator capacity of the intramyocardial coronary arteries and contribute to impaired coronary flow reserve seen in the hypertensive heart. [7] [8] [9] Non-invasive monitoring of myocardial fibrosis by use of serological markers of collagen type I and III turnover seems to provide indirect diagnostic information on the extent and the ability of antihypertensive treatment to reduce myocardial fibrosis. [10] [11] [12] [13] [14] In most clinical and epidemiological studies of heart failure and hypertension, LV systolic performance is often considered normal by means of a normal ejection fraction or fractional shortening. However, these systolic measures do not take regional contractile function into consideration. Furthermore, outer and inner subendocardial longitudinal myocardial fibre contraction may not be clearly reflected by these traditional measures of LV systolic function. Increased fibrillar collagen deposition is believed to lead to increased interstitial and perivascular fibrosis, which is likely to affect the function of the subendocardial longitudinal oriented myocardial fibres. Tissue tracking and strain imaging are new echocardiography modalities based on Doppler tissue imaging and they may be used to assess the regional and longitudinal contractility of the LV. 15 16 Recently, we reported decreased longitudinal LV systolic function in patients with hypertension, most pronounced in patients with concomitant abnormal diastolic filling. 17 We then hypothesised that in patients with arterial hypertension and normal ejection fraction, longitudinal LV contractility as assessed by tissue tracking and strain echocardiography is associated with myocardial fibrosis assessed by plasma concentrations of the amino-terminal propeptide of procollagen type III (PIIINP).
METHODS

Participants
The study population consisted of 40 consecutive patients with documented arterial hypertension (repeatedly increased systolic blood pressure . 140 mm Hg and diastolic blood pressure of . 90 mm Hg) who were referred to our clinic for evaluation and treatment of arterial hypertension. (Blood  pressure measurements shown in table 1 were obtained just before the echocardiographic examination.) Patients with secondary hypertension or a history of angina pectoris, myocardial infarction, valve heart disease, liver disease, skeletal disease, pulmonary obstructive disease, or diabetes mellitus were excluded. All patients were in sinus rhythm and with a normal LV ejection fraction (. 55%) and fractional shortening (> 28%) evaluated by echocardiography. Thirty age matched normal subjects served as controls. Each study participant gave written informed consent. The study was approved by the local scientific ethics committee.
Determination of plasma collagen peptide
Blood samples to determine concentration of the markers were taken at the time of the clinical and echocardiography studies. Plasma PIIINP and carboxy-terminal telopeptides of type I collagen were analysed by radioimmunoassays (Orion Diagnostica, Oununsalo, Finland). Intracorrelation and intercorrelation variabilities for PIIINP were , 5% and , 7%, respectively.
Echocardiography
Two dimensional, M mode, colour M mode, pulsed Doppler, and tissue Doppler echocardiography was performed with a GE Vivid Five ultrasound machine (GE Medical System, Horten, Norway) with a 2.5 MHz transducer. Echocardiograms were stored digitally and analysed with no knowledge of the clinical data. Endocardial border detection was enhanced with second harmonic imaging.
LV volumes and ejection fraction were estimated by Simpson's modified biplane method based on three measurements. 18 Pulsed Doppler measurements were obtained with the transducer in the apical four chamber view, with the Doppler beam aligned perpendicular to the plane of the mitral annulus. The sample volume was placed between the tips of the mitral leaflets. Five consecutive beats during quiet respiration were used for calculation of the Doppler variables. Colour M mode echocardiograms were recorded in the apical four chamber view with the M mode cursor aligned parallel to the LV inflow as previously described. 18 In the analysis the LV apical views, the lowest motion amplitude is at the apex and the greatest motion amplitude at the mitral annulus. 15 The 16 segment LV model of the American Society of Echocardiography was used to analyse the motion amplitude for each segment and the average of the 16 segments was calculated as the tissue tracking score index. 18 Strain is originally defined as a dimensionless quantity produced by the application of a stress. Strain is the fractional or percentage change from the original or unstressed dimension. The tissue Doppler technique in the present study allowed processing of simultaneous tissue tracking and strain in different myocardial segments in the same cineloop. The peak systolic strain was in each segment assessed within the first 350 ms from the R wave. By definition shortening strain is expressed as negative values and stretching is reflected as positive value. The peak systolic myocardial velocity was measured in the same segments. The sample volume was placed in the centre of the basal and mid myocardial segments in the three standard apical views and the average systolic strain was calculated for all 12 myocardial segments. The distal segments were excluded to limit the influence of the angle dependency. Tissue tracking wall score, peak systolic velocity, and strain were analysed separately and with no knowledge of two dimensional and pulsed Doppler recordings.
Interobserver variability was ¡6.7% for the peak systolic velocity, ¡5.3% for peak strain, and ¡4.5% for the tissue tracking score index. Intraobserver variability was ¡4.8% for the systolic myocardial velocity, ¡4.9% for strain, and ¡4.0% for the tissue tracking score index in 10 subjects.
Diastolic LV function
Patients were classified into two groups on the basis of the mitral inflow Doppler parameters and colour M mode flow propagation. Mitral E deceleration time > 140 ms and , 240 and an E:A ratio between 1 and 2 were considered to indicate normal diastolic filling. Abnormal diastolic filling was defined as follows: mitral deceleration time . 240 ms and E:A ratio , 1 was suggestive of impaired relaxation; deceleration time > 140 ms and , 240 ms with velocity flow propagation , 45 cm/s was suggestive of pseudonormal filling; and deceleration time , 140 ms was suggestive of a restrictive filling pattern. The cut off points were chosen based on recent recommendations.
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Statistical analysis
All results are expressed as mean (SD) . Differences between groups were tested by Student's t tests for unpaired data once normality was shown; otherwise, a non-parametric test (Mann-Whitney test) was used. Categorical variables were analysed by x 2 test or Fisher's exact test when necessary. Correlations between variables were determined by Spearman's rank correlation test and by a multivariate regression analysis. SPSS software (version 10.0; SPSS Inc, Chicago, Illinois, USA) was used for statistical analysis and p , 0.05 was considered significant. Table 1 presents the baseline characteristics of the patients and control subjects. The median known duration of Table 2 shows results of the conventional echocardiography measurements and tissue Doppler analysis of LV systolic and diastolic function in the hypertension group and control subjects. LV wall thickness and mass index and indices of diastolic function were, as expected, significantly different (table 2) . LV hypertrophy according to the present definition was found in 19 patients. LV systolic longitudinal function was significantly reduced in the hypertensive group compared with controls. Tissue Doppler analysis showed that the average systolic myocardial velocity and the tissue tracking score index were significantly decreased in the hypertensive group. Strain analysis showed significantly decreased deformation of the long axis function of the LV in hypertensive patients compared with controls. Figure 1 shows an example of tissue Doppler analysis of the longitudinal systolic function in a normal subject and in patients with hypertension. 
RESULTS
Baseline characteristics
LV function
Collagen markers
Plasma PIIINP was significantly increased in the hypertensive group as a whole compared with control subjects (table 2) . Analysis of the hypertensive group showed that patients with evidence of diastolic dysfunction had significantly higher plasma concentrations of PIIINP (3.5 (0.6) mg/l v 2.5 (0.5) mg/l, p , 0.001) than patients with hypertension and normal LV filling (fig 2) . In addition, patients with evidence of diastolic dysfunction had significantly decreased longitudinal strain, systolic myocardial velocity, and tissue tracking score than patients with normal diastolic filling (table 3) . Subanalysis showed that patients treated with either ACE inhibitor or ACE receptor antagonist (n = 15) had similar concentrations of PIIINP to patients treated with other blood pressure lowering agents (n = 25) (2.8 (0.6) mg/l v 3.1 (1.0) mg/l, not significant). However, mean strain was significantly higher in patients treated with ACE inhibitor or ACE receptor antagonist than in patients without this medication (15.5 (4.0)% v 12.7 (3.7)%, p , 0.05), whereas no differences were observed between groups regarding mean systolic myocardial velocity, tissue tracking score, LV mass index, age, or blood pressure.
Relation between collagen marker and LV function A direct significant negative correlation was found between mean longitudinal strain and PIIINP in patients with hypertension ( fig 3) . The tissue tracking index score correlated significantly with PIIINP (r = 20.32, p , 0.05). Mean peak systolic myocardial velocity correlated significantly with PIIINP (r = 20.34, p , 0.01). Among LV diastolic measurements a significant correlation was shown between E:A ratio and PIIINP (r = 20.49, p , 0.001) and between the mitral E deceleration time and PIIINP (r = 0.51, p , 0.001). A weak but significant correlation was found between LV mass index and PIIINP (r = 20.41, p , 0.001).
A multivariate analysis of age, systolic blood pressure, body mass index, LV mass index, mean peak systolic velocity, mean strain, tissue tracking score index, E:A ratio, deceleration time, and isovolumetric relaxation time showed that strain correlated independently with PIIINP (r = 20.54, p , 0.001), whereas systolic blood pressure, age, body mass index, E:A ratio, mean systolic velocity, and tissue tracking index score did not correlate with PIIINP. Mitral E deceleration time (p , 0.01) and isovolumetric relaxation (p , 0.05) also correlated significantly with PIIINP in the multivariate model.
DISCUSSION
The main findings of this study are as follows. Firstly, LV longitudinal systolic function as expressed by strain and tissue tracking was decreased in patients with hypertension compared with matched controls, and the impairment of LV long axis systolic function was significantly correlated with the concentration of a serological marker of myocardial fibrosis. Secondly, the impairment of longitudinal systolic function and increased serological marker of fibrosis were most pronounced in patients with abnormal LV diastolic filling.
Emerging evidence holds promise for the use of radioimmunoassays of serological markers of fibrillar collagen type I and III in providing indirect diagnostic information about the extent of myocardial collagen turnover in hypertension. Reactive or reparative hypertensive myocardial fibrosis is the result of both increased collagen I and III synthesis by fibroblasts and unchanged or decreased extracellular collagen degradation. The increase in collagen content promotes abnormalities of myocardial performance involving diastolic filling, the coronary flow reserve, and possibly the contractile function of the myocytes. It has been proposed that cardiac fibrillar collagen may act as a link between the contractile element of adjacent cardiomyocytes, which may be changed qualitatively as well as quantitatively in the hypertensive heart. 23 We found a significantly independent negative correlation between the plasma concentrations of PIIINP and LV long axis contractile function indicating that increased myocardial fibrosis affects the contractile function of inner and outer longitudinal oriented myocardial fibres. Furthermore, as shown by other investigators, we found decreased LV longitudinal segmental peak systolic velocities obtained by tissue Doppler as a measure of local systolic function in patients with hypertension. 24 However, this application of tissue Doppler imaging does not efficiently discriminate between actively contracting and ''tethered'' myocardium, where a given non-contracting segment moves in relation to the fixed transducer if it is pulled by a connected myocardial segment.
In the present study we therefore analysed LV longitudinal systolic function by strain as a measure of regional contractility, which seems to be independent of the effect of tethering and translation. Doppler echocardiography to measure myocardial longitudinal strain has had excellent correlation with tagged magnetic resonance strain measurements. 25 We supplemented our evaluation of the LV longitudinal systolic function by measuring tissue tracking as an integral of regional systolic velocities describing the regional systolic amplitude motion of the LV from the base to the apex of the LV. 15 This method gives the opportunity to evaluate long axis function at a glance but, as shown, the mean strain measurement was the only independent parameter associated with PIIINP, emphasising the importance of measuring longitudinal deformation by strain analysis rather than by measuring velocities.
Collagen accumulation has also been shown to affect myocardial stiffness in hypertensive heart disease.
14 Accordingly, the serological collagen markers and deceleration time, a Doppler parameter known to reflect LV compliance, were independently correlated. In addition, we observed a significant reduction of LV long axis function and increased concentration of PIIINP in patients with abnormal diastolic filling compared with patients with normal diastolic filling characteristics. Abnormal mid wall fractioning of the LV, a measure of systolic function, has been reported in patients with hypertension and normal ejection fraction. 26 The presence of abnormal systolic function despite a normal ejection fraction is in accordance with our results; however, we detected abnormal longitudinal function and not radial function, which mid wall fractional shortening analysis primarily reflects. Overall, our result indicates a significant interrelation between longitudinal systolic function and diastolic function in relation to the extent of myocardial fibrosis.
In vivo and in vitro investigations have shown that the effector hormones of the renin-angiotensin-aldosterone system, angiotensin II and aldosterone, stimulate fibroblast mediated collagen synthesis. Angiotensin II may also suppress the degradation of collagen leading to progressive collagen accumulation within the cardiac interstitium. Treatment of hypertensive patients with either the ACE inhibitor lisinopril or the ACE receptor antagonist losartan has been shown to regress the amount of myocardial fibrosis measured by decreased collagen volume fraction in myocardial biopsies, to decrease plasma concentrations of the collagen marker carboxy-terminal propeptide of type I procollagen and of carboxy-terminal telopeptides of type I collagen, and to improve LV diastolic function independent of regression of LV hypertrophy. 5 13-14 Subanalysis in the present study showed that patients treated with either an ACE inhibitor or an ACE receptor antagonist had the same concentrations of PIIINP but increased longitudinal strain compared with patients treated with diuretics, b blockers, or calcium antagonists. Blockade of the renin-angiotensinaldosterone system seems important to reverse myocardial fibrosis and preserve myocardial function in hypertension.
Various blood pressure lowering drugs were used, which might have affected the diastolic filling parameters differently and thereby introduced the possibility of misclassifying patients regarding their diastolic functional status. However, no difference regarding the type of blood pressure lowering medication was noted between patients with and those without diastolic dysfunction. The ideal, though relatively rare, setting is clearly in patients with a new diagnosis without ongoing treatment.
Study limitations
It is clear that detectable PIIINP is not exclusively heart specific; however, the control subjects and patients with hypertension were free of liver, renal, and skeletal disease known to influence the concentrations of these markers. Although microscopic examination of endomyocardial biopsies is the most reliable method for measuring myocardial fibrosis, several studies have documented a significant correlation between histologically assessed collagen and the biochemical method based on measurements of circulating peptides derived from synthesis and degradation of fibrillar collagens.
Conclusion
LV longitudinal systolic function relates to the extent of myocardial fibrosis measured non-invasively by a serological marker of fibrosis in patients with hypertension and normal ejection fraction. The presence of isolated diastolic LV dysfunction was associated with depressed LV longitudinal systolic function and increased marker of myocardial fibrosis. Scintigraphic diagnosis of acute pulmonary oedema A 50 year old man underwent a myocardial perfusion scan at rest for chest pain evaluation. He received an intravenous injection of Tc-99 sestamibi, while complaining of recurring angina, and underwent a single photon emission computed tomography (SPECT) scan approximately 90 minutes later. An initial planar image acquisition showed a very prominent retention of the tracer in the lungs, with a lung:heart ratio of 0.98 (normal reference , 0.44) (panel A). The tomographic images of the myocardium showed severe anterior, septal and lateral hypoperfusion with significant systolic dysfunction. After image acquisition, the patient presented with worsening dyspnoea and haemoptysis compatible with evolving acute pulmonary oedema. After adequate response to medical treatment, he was sent to the cath lab, having shown a severe lesion at the left coronary ostium. He underwent coronary bypass graft surgery with subsequent complete remission of the symptoms. A control myocardial perfusion scan at rest performed eight days after surgery showed the lung:heart ratio (0.40) had returned to normal with normal segmental myocardial perfusion (panel B). This unusual presentation depicted in panel A represents severe left ventricular failure reflecting subtotal left main coronary artery occlusion, and was decisive for ensuring adequate patient management.
J N Barbisan E Ludwig pesquisa@cardiologia.org.br
